ABSTRACT -Idiopathic Parkinson's disease (PD) is characterized by reduced nigrostriatal and cortical dopaminergic influence, with changes in movement and, subsequently, behavioral and cognitive disturbances. We studied cognitive impairment in Parkinson's disease by assessing a group of 30 idiopathic Parkinson's disease patients with an average age of 64.23 years (PG group) and compared our findings with those for a control group of 30 patients (CG group). All the patients were submitted to the following assessments: motor function, using the UPDRS; staging, using the Hoehn-Yahr scales (PG group only); depression, using the Montgomery-Asberg scale; attention impairment; verbal fluency (FAR and animals); cognitive function, using the Mini Mental State Examination; visuospatial and executive functions; and clock drawing. In addition to altered motor function in PD patients, we found statistically significant differences between PD patients and controls in terms of cognitive function, verbal, executive and visuospatial functions, and attention deficits. Depression was more prevalent in the PG group.
Although the original description by James Parkinson 1 did not consider cognitive disturbances to be an integral part of the symptomatology of Parkinson's disease (PD), but Charcot and Vulpian 2,3 describe such disturbances for the fi rst time, and their fi ndings were confi rmed in recent studies 4, 5 . Postmortem neuropathological studies and the use of in vivo PET scans show that nigrostriatal dopaminergic neuronal degeneration is the main physiopathological mechanism in Parkinson's disease 5, 6 . The nigrostriatal dopaminergic system is part of one of the fi ve frontostriatal circuits 7 . Disruption of dopaminergic infl uence in these circuits has consequences for other circuits and thus explains a number of cognitive symptomatologies. Dopaminergic dysfunction produces cognitive symptomatology similar to that found in individuals with frontal lesions 8, 9 . Cognitive defi cits mainly affect memory mechanisms and visuospatial and executive functions 4, 6, 9, 10 . Other neurochemical circuits, such as the serotoninergic, noradrenergic and cholinergic circuits, are also affected in PD and contribute to cognitive dysfunction 5, 6, 9, 10 . As well as causing impairment of cognitive function, serotoninergic alterations can also cause an increased prevalence of depression in PD sufferers 9, [11] [12] [13] . Patients with PD and depression have more severe cognitive defi cits than those with PD but without depression; such defi cits are found mainly in the executive functions 14 .
Cognitive disturbances can occur during any stage of PD. During the very early stages of the disease, these may not be clinically apparent and may only be detected by special neuropsychological tests 5 . The exact pattern and frequency of these defi cits is still the subject of some controversy 3 . The aim of this study was to assess cognitive defi cits in PD by using various cognitive assessment methods and comparing the results for a group of PD patients with those for a control group of normal individuals.
METHOD
We studied the cognitive function in 60 individuals paired by age, sex and education. Thirty of them were idiopathic Parkinson's disease (IPD) sufferers (referred to as the Parkinson, or PG group) and had an average age of 64.23± 11.24 years. The other 30 individuals (referred to as the control, or CG group) were asymptomatic, with an average age of 64.13±1.27 years. In each group, 43.33% of the individuals were male.
Data relating to age, sex and education are shown in Table 1 .
The PG group was divided into two subgroups: PG with depression (PWID) (n=7) and PG without depression (PWOD) (n=23). Three controls had scores that were indicative of depression and were therefore excluded from the study. None of the patients in the PWID group were taking medication with a potential anti-cholinergic effect.
Patients in the PG group were recruited from the Movement Disorders Outpatient Unit in the Neurology Division, Hospital de Clínicas, Universidade Federal do Paraná. The controls were recruited from the community.
The London Brain Bank diagnostic criteria for idiopathic Parkinson's disease (bradykinesia, rigidity, tremor, postural instability, asymmetry and a positive response to levodopa) were used to include patients in the PG group; members of the control group could not have any of the diagnostic criteria for IPD or signs of parkinsonism 15 . The exclusion criteria for the PG group were other forms of parkinsonism (atypical forms, also known as Parkinson-plus syndromes, or secondary or heterodegenerative forms) pallidotomy, thalamotomy or the presence of diagnostic criteria for dementia as defi ned in the DSM IV 16 . The patients from both the PG and CG groups were submitted to anamnesis and a general physical and neurological examination. Thyroid function tests and computerized brain tomography for the PG group were assessed retrospectively using information from the patients' medical records. Only the patients in the PG group were submitted to motor assessment using the UPDRS scale 17 and severity of
Parkinson's disease using Hoehn-Yahr staging 18 . Both groups were submitted to: 1) Assessment of depression using the Montgomery-Asberg Depression Rating Scale (MADRS) 19, 20 , with a value of 17 points on this scale being used to diagnose depression; 2) Assessment of attention by means of sequences of numbers in numerical order (numbers from 01 to 20), alternating sequences (4 6 8 10 12 14 16 18 20 -3 6 9 12 15 18 21 24 27 30) and reverse sequences (repeating days of the week and months of the year in numerical and reverse order) 21 ; 3) Assessment of verbal functions by evaluating verbal fl uency using FAR (phoneme fl uency) and animal (category fl uency) tests, in which the subject is asked to produce as many words starting with the letters F, A and R and to name as many animals as possible in 60 seconds 22 ; 4) Assessment of global cognitive state by means of the mini mental state examination (MMSE) 23 ; 5) Assessment of visuospatial functions by copying a drawing of a house and of a clock 24, 25 . Thyroid function tests for the PG group were reviewed using the patients' medical records and revealed normal thyroid hormone serum levels. Only 15 patients (in the PG group) underwent computerized brain tomography; one patient was found to have calcifi cation in the left thalamus and the other, a right subinsular lacunar infarct. As test scores for these patients were normal, the possibility that these lesions might have infl uenced the results of the tests was eliminated.
This study was approved by the Human Research Ethics Committee of the Hospital de Clínicas, Federal University of Paraná. All those who took part in the study signed a voluntary informed-consent form after they had been told about the aims of the study and the tests they would be submitted to.
The descriptive results were expressed as averages together with their respective standard deviations and maximum and minimum values. The Wilcoxon nonparametric test was used to compare the groups, and the Spearman correlation coeffi cients were estimated to identify whether there was any association between the variables. Student's t-test was used to compare the PG subgroups and CG group. A value of p<0.05 was considered statistically significant in all the tests.
RESULTS
The average time from the appearance of the symptoms to the time when the tests were performed was 7.33±4.76 years. The average score on the UPDRS motor examination scale was 21.43±7.20 and on the (modifi ed) Hoehn-Yahr staging scale 2.43±0.92 (Table 1) .
The differences between the scores for the PG group and those for the CG group were statistically signifi cant in all the tests ( Table 2 ).
The severity of IPD was directly related to the patient's degree of depression, as can be seen by the direct correlation between the Hoehn-Yahr scale and MADRS. The greater the depressive symptomatology, the poorer the performance in executive functions, as shown by the inverse correlation between MADRS and the clock-drawing test; and the greater the MADRS score, the greater the motor defi ciency in the PG group, as shown by the direct correlation with UPDRS score (p=0.0007). The greater the MMSE score, the greater the performance in the verbal functions, as evidenced by the direct correlation between MMSE, FAR and the clock-drawing test. An inverse We observed an inverse correlation between the attention test and the clock-drawing test and a direct correlation between the latter test and the housedrawing test (Table 3 ). The statistical analysis of the results for the PG subgroups and the CG group are shown in Table 4 . There was a statistically signifi cant correlation between the time for PD to evolve and the MADRS score (p=0.009).
DISCUSSION
Our fi ndings showed that there was a statistically signifi cant difference between the results of the following tests in the neuropsychological test battery for the PG and the CG groups: MADRS, MMSE, attentions tests, verbal fl uency and executive and visuospatial functions.
Menza and Mark showed that there was a greater prevalence of depressive symptomatology in IPD than in healthy individuals 26 . According to Cummings, patients with PD and depression perform worse in various tests mediated by the frontal lobes We showed that depressive symptomatology was more prevalent in the PG group than in the CG group. Furthermore, our fi nding of a relationship between executive defi cits (particularly in the clock-drawing test) and the severity of the disease is an important one. However, comparison of individuals with and without depression did not reveal any statistically signifi cant data that indicated that depression could have an infl uence on cognitive function in this group. Nevertheless, when the PG group with depression and the CG group without depression were compared, greater cognitive impairment was observed in the former group, particularly in tests measuring executive functions. This fi nding was also reported by Starkstein et al. 27 . We found that the results of the category verbal fl uency tests (animals) for the PG group with depression were poorer than those for the PG group without depression and the CG group, clearly showing that depression affects the results of this cognitive test. When evaluating only the executive functions, the results for the animal test (and not those for the house or FAR tests) differed from the controls. According to Lezak et al., this is explained by the greater diffi culty PD sufferers have with category verbal fl uency than with phonetic verbal fl uency 21 .
We did not fi nd a statistically signifi cant correlation between the MADRS scale and phonemic or category verbal fl uency tests but only found such a correlation with the clock-drawing test. Thus, our fi ndings with regard to verbal fl uency tests did not confi rm those of Starkstein et al. 18, 19, 21, 23, 24, 27, 28 .
The PG group as a whole, rather than just those individuals whose scores indicated that they were depressive, had more obvious cognitive defi cits than the CG group, contrary to the fi ndings of Starkstein et al., who stated that patients with major depression would have greater cognitive impairments than those with less severe depression 27 .
According to the literature, there is an interaction between the severity of the disease and the presence of depression. Depressed patients with severe IPD had greater neuropsychological impairments, particularly in executive function tests 13 . In the present study, we were able to show a relationship between the results on the Hoehn-Yahr and MADRS scales. The results in the clock-drawing test were borderline and not statistically signifi cant.
The tasks used to assess executive functions included the verbal fl uency and clock-drawing tests 22, 24, 25 .
The results of this study corroborate the findings in the literature and show that verbal fl uency and performance of the clock-drawing test, which are involved in the assessment of executive functions, are altered compared with the performance of the same tasks by the CG group, thus confi rming the fi ndings reported by Dubois and Pillon
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A correlation was also identifi ed between the phonetic verbal fl uency test and the MMSE and attention tests, showing the infl uence of attentional processes on cognitive defi cits in IPD. According to Hassler, the striatum is of fundamental importance in attentional processes 30 . Ivory et al. suggest that memory defi cits in IPD may be partly explained by executive function defi cits related to the frontal dysfunction found in this disease 31 .
No correlation was found between executive deficits and Hoehn-Yahr and UPDRS scores, indicating that these defi cits are part of a broader cognitive decline or that they may be restricted to a subgroup of patients and/or did not occur in the initial stages of the disease in the group studied 32, 33 . Visuospatial deficits in IPD patients remain the subject of some discussion because of the discrepancy in the data from the various studies that have investigated these defi cits. This may be because a number of different cognitive tasks with different mechanisms have been grouped together as visuospatial functions. We have shown that there were statistically signifi cant differences between the two groups, although no correlation between UPDRS and HoehnYahr scores was observed, i.e., no correlation with severity of the disease, as previously reported 34 . The relationship between visuospatial and executive functions as a result of frontal impairment in IPD could be explained in this study by the correlation with the clock-drawing test.
We conclude that IPD sufferers have greater cognitive impairment in all the neuropsychological tests carried out than do the control group and that this can be most readily seen in the tasks that assess executive functions. It appears that the frontal dysfunction triggered by PD plays a fundamental role in the genesis of cognitive changes.
